Objective: To evaluate how well an inexpensive portable three-lead ECG monitor PEM identified patients with atrial fibrillation (AF) compared to a normal 12-lead ECG. Design: Cross-sectional method comparison study. Setting: From April 2014 to February 2015, we included patients coming to the general practice clinic ''Laegerne Sløjfen'', Aalborg, Denmark for a routine ECG. Patients with severe dementia, mental illness or poor ECG readings were excluded. After oral and written informed consent an ECG and PEM recordings were obtained simultaneously. The PEM recordings were analyzed by two general practitioners (GPs) in training and ECG recordings were evaluated by a senior GP and a cardiologist. Both the PEM and the ECG recordings were analysed blinded. Subjects: Ninety-three patients were included and four were excluded due to poor ECG readings. Main outcome measures: The sensitivity and specificity of PEM compared to a standard 12-lead ECG.
Background
Atrial fibrillation (AF) increases the risk of cardiac emboli and ischemic stroke and is the most common arrhythmia among elderly citizens. [1] A heart rhythm recording (ECG, Holter or telemetry monitoring) is mandatory for diagnosing AF. Performing a 12-lead ECG is easily done in mobile patients who are able to attend a consultation at general practice clinic or hospital outpatient clinic. However, patients who are immobile or have other conditions, e.g. social anxiety are confined to their homes. Hence, it may be necessary to make a recording of their cardiac rhythm at home. Furthermore, intermittent arrhythmia may either be detected by using long lasting continuous (Holter monitor) or short repeated assessments using a portable three-lead ECG monitor (PEM). In a recent study that compared a portable recording device with a short-term 24 h continuous Holter ECG found that the PEM device used to detect AF in patients with prior stroke was more cost-effective. [2] Hopefully, a reasonably priced and easy-to-use PEM device could be used to facilitate a swift diagnosis of AF in a general practice setting.
The aim of this study was to evaluate the proportion of technically acceptable PEM recordings as well as the sensitivity and specificity in relation to detecting AF using a PEM device compared with a standard 12-lead ECG in a general practice population.
Methods
From April 2014 to February 2015 patients from the GP clinic ''Laegerne Sløjfen'' in Aalborg, Denmark, who performed a routine 12-lead ECG were invited to participate. The invited patients either had known paroxysmal AF or were invited among patients who came for an annual routine health check. We aimed to include 30-50% with a diagnosis of AF and 50-70% without AF. Patients with severe dementia, mental illness or poor ECG readings were excluded. Oral and written informed consent was given by all participants.
A 30 s three-lead recording using a PEM device (Portable ECG Monitor, Beijing Choice Electronic Technology Co., Ltd., Beijing, China) and simultaneously, a standard 10 s 12-lead ECG recording (Cardiax PC-ECG, Mesa, Benediktbeuern, Germany) were obtained. Figure 1 depicts the placement of the electrodes.
The PEM is capable of storing the data/ECG. The ECGs were transferred from the PEM to a personal computer and were evaluated after printing. The PEM recordings were analyzed by two GP trainees (ANK & BJ) who were blinded for the results of the ECG recordings as well as for the patients' characteristics except for gender and age. Blinded to the PEM registrations the ECG recordings were evaluated by a senior GP (MBJ) and a cardiologist specialized in Electrophysiology (SR). Another cardiologist settled any disagreement over evaluation. After finishing the blinded analysis the investigators obtained information from patient medical records on relevant rhythm-controlling medication and diagnosis to determine study population demographics.
Diagnosing AF from the PEM recordings
We defined AF as irregular supraventricular arrhythmia without p-waves at the baseline.
Statistics
The patient flow is described according to the STARD statement. [3] Those being PEM AF positive and ECG AF positive are true positive (TP) and those PEM AF negative and ECG AF negative are true negative (TN). A PEM AF positive, but ECG AF negative is false positive (FP), and PEM AF negative, but ECG AF positive is false negative (FN). [4] The prevalence of AF was calculated as TP/Total Population. The true positive rate¼sensitiv-ity (%) of the PEM device for detecting AF was 100%ÂTP/(TP þ FN). Similarly, the true negative ratespecificity (%) of the PEM device for detecting AF was 
Results
Of 93 patients invited 89 were included in the study; four patients were excluded due to poor ECG quality (Figure 2 ). There was an even distribution of women and men and the most common diagnoses that the participants had were hypertension, AF, and diabetes (Table 1 ).
An example of a HEM registration is given in Figure 3 showing AF. Table 2 reports the number of patients classified as having AF or not based on recording by the PEM device and the ECG. Additionally, the prevalence, sensitivity, specificity, PPV, and NPV are reported. One of the PEM readings that were interpreted as AF was classified as sinus arrhythmia by the cardiologist on Figure 1 . The placement of the ECG and PEM electrodes. the ECG. Another PEM reading was interpreted as sinus tachycardia, but classified as AF by the cardiologist on the ECG. Finally, one PEM reading was interpreted as normal, but was classified as AF by the cardiologist on the ECG. A subsequent cardiologist evaluation of the three PEM recordings misclassified by the GPs in training confirmed that this was in fact also what was found on the PEM recordings. Hence, the misclassification was due to misinterpretation of the recording.
The prevalence of AF calculated from the 12-lead ECG recordings: 16.9% and 15.7% based on the PEM device.
The AF diagnosis based on the PEM device recordings compared to the 12-lead ECGs (gold standard) was as follows: Sensitivity was 86.7%. Specificity was 98.6%. Accuracy was 96.6%. Positive predictive value was 86.7%. Negative predictive value was 97.3%. The false negative rate was 13.3%. The false positive rate was 1.4%.
Discussion
This study showed that a small cheap PEM device had a high sensitivity and specificity for finding AF in a general practice population.
The PEM device was tested in an elderly population and many had conditions commonly seen in general practice such as hypertension and diabetes. A strength of the study was the fact that the ECG and PEM readings were evaluated in a blinded manner and the gold standard was the evaluation of the 12-lead ECG by a cardiologist specialized in arrhythmia. The cardiologist reevaluated the three PEM readings that were not interpreted as the ECG and found that they were in fact in accordance with the ECG readings. Hence, we can conclude that the misinterpretation was due to lack of experience on behalf of the GP trainees and not because of poor PEM recordings. Nevertheless, the sensitivity and specificity were very high. Several papers describe a positive correlation between handheld ECG use and the number of patients diagnosed with AF. [5, 6] However, in contrast to our study these studies compare a handheld device with a 24 h ECG monitor and the handheld devices were used intermittently.
The preliminary results of using a PEM device are very encouraging in relation to detecting AF and in this population with 16.9% having AF the PPV of a positive PEM finding was very high (92.9%). This could be even further improved by having a cardiologist evaluating the PEM recording as the experience of the physician when interpreting the PEM/ECG recordings will remain a key issue. [7] Further studies should evaluate use of the PEM device in the patients' home and, for example, compare the PEM readings with a continuous Holter monitoring or as an event recorder. [8] Implementation of the PEM device or other similar devices in general practice clinics and in the homes of the patients could enhance diagnosing AF leading to anticoagulation therapy in high risk patients with a view to reducing the incidence of stroke.
Conclusion
We conclude that the PEM device is well suited to detect AF in general practice population. 
